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84: 110612t High-strength, extrusion-molded, lightweight 

t Z: ^ ■ T * ^' '^"^ ^^^5' ^PPl- 73 143,931, 26 Dec 1973; 
t e^«;«rJ?l u A «^c^eous and siliceous materials is mixed with 
a slurry of a hydrothermally synthesized Ca sUicate [23296-15-3] 

S-^'^ftl" h^f.rl'^f^fK' ^^ter content to 

• °J based on the total solids content, extruded, autoclaved, 
h^fJ'^^^ *^ obtam high-strength Ca silicate produks useful ^ 
?roi nLT*T^'- Ca siUcate hydrothermally synthesized 

from powd. siliceous stone 52 and milk of lime 1100 parts was 
dispersed m 15-fold water, and the slurry 30 paS fa/loS 

nnrS "^^^ I'^^l '""u*^ ^ ""'^^ Po^'*' siHceous stone 15, 
m/fh5w.i''r^"no^^' bentonite 10. amosite asbestos 5, and 
^i^tt ^%l<^ A The jnixt. was dewatered to water 
content 80-90% (hased on the solids content), extruded, 

autoclaved at steam pressure 9 kg/cm2 for 7 hr, and dried to 
obtain a hghtwt. silicate product having d. 0.75 g/cm^ and 
bending strength 80 kg/cmz. Its shrinkage was 1.12% when 
heated at 1000*. 
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PROCKSS FOR PREPARING LTGHTWKTCtHT CALCIUM SILICATR 
MATERTAL BY.EXTRU.SI.ON 

CLAIMS 

1. A process for preparing lightweight calcium silicate 
material by extrusion comprising 
5 mixing lime material and slicicate material in order to obtain high 

strength by steaming and adding a slurry of calcium silicate separately 
obtained by water thermal synthesis thereto and mbdng the same 
sufficiently; 

extruding the mixture by partly dehydrating the mixture and adjusting a 
10 water content of the mixture in order to make extrusion possible (water 
content of 50 to 120% based on the total solid portion); and 
steaming the molded article and post-drying the same. 



o 



o 



DETAILRD BRSCRTPTTOlvr 

15 The present invention relates to a process for preparing 

lightweight calcium silicate material by extrusion. 

Calcium silicate material is used for various applications 
such as a heat insulating material, since it is incombustible and has 
high heat resistance and high strength in terms of density. Recently, it 

20 has been spotlighted as a lightweight construction material. There 
have been found and practiced various methods for preparing calcium 
silicate material BXid molding process thereof are mainly compression 
dehydration pressing method, picking-up method or casting method. 
In other cases, extrusion process is employed in order to obtain heavy 
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material whose density is at least 1,0 g/cm^. 

However, it has been considered to be difficult to prepare 
lightweight calcixxxn silicate material by extrusion because of various 
problems. Namely, it was impossible to mold the material in 
5 lightweight condition. It is because, in extrusion method, material 
moves forward in accordance with relative motion of a screw and a barrel 
generated from rotation, ajid if there is a dice at the front, the pressure 
accumulates to increase molding density of the material. Therefore, the 
/ extrusion has been suitable for molding material having high density 
10 such as brick and glass. Also, it is inevitable for material for extrusion 
to have a suitable viscosity and plasticity. The viscosity and the 
plasticity remarkably change depending on a water content and 
therefore, it is necessary to stiitably control the mixing amount of water 
in particxilar. However, since the calcium silicate has a remarkable 
15 thfacotropic characteristic that viscosity gradually decreases and water is 
isolated therefrom when pressure is added, it happens that molding 
becomes impossible because its viscosity and plasticity is remarkably 
changed during transfer from the hopper of the extrusion machine to the 
dice while mixing it by the screw. 
20 . Therefore, controlling water content is particularly important 

and this is the most difficult problem on the molding of the calciimi 
silicate by extrusion. 

Conventionally, a process for molding calcium silicate by 
pressing transfer was published (Japanese Examined Patent Publication 
26 No. 24 1 2 / 197 1 ) , which was based on the idea of changing extra water by 
friction heat between the raw material and the barrel and by heat added 
from outside, which also has a function for steaming the lightweight 
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calcium silicate. However, a device for enormous heat addition is 
necessaty in order to evaporate the isolated water immediately. In 
addition, to steam the calcium silicate, it must be kept under a condition 
of high , vapor pressiire for a long period of time, which requires a large 
5 apparatus or otherwise, molding efficiency remarkably decreases. 

Also, according to this process, gas is contained inside the 
barrel of the molding machine, and it leads to generation of lamination 
in the molded article, which makes it difficult to prepare an excellent 
molding article. After all, the method has not been practically used. 
10 Extrusion of lightweight calcium silicate involves many 

problems in the preparation process as mentioned above, but it has 
many advantages also. Namely, by suitably changing the shape of the 
dice, molding into any sectional form becomes possible; an article having 
a long length can be obtained; continuous molding is possible, which 
15 means high molding efficiency; and it is possible to prepare a molded 
article having a very smooth surface. 

According to the present invention, molding of lightweight 
calcium silicate by extrusion becomes possible. 

Attempts were made based on expectation that a lightweight 
20 foamed article such as pccirlite or silus balloon may be mixed as a filler 
with lightweight calcium silicate, However, the material receives a 
pressure higher than breaking strength of the foamed article in 
extrusion. And therefore, particles were broken and a molding having 
at most definite density was impossible, even though a mixing amount of 
25 the lightweight foamed article was increased. 

There is also a disadvantage that strength reduces more 
largely than reduction ratio of the density, and it was found that 
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extrusion could not be achieved by addition of the foamed article, and 
studies were continued to complete the present invention. 

In the present invention, it is found that calcium silicate 
obtained by water thermal synthesis of lime with silicic acid may be used 
5 as a lightweight filler for extrusion. 

That is to say, if the calcium silicate obtained by water 
thermal synthesis is mixed as the filler, a lightweight molded article 
having high strength and high heat resistance can be obtained by 
extrusion. 

10 The calcium silicate obtained by water thermal synthesis can 

be prepared by adding water to lime and silicic acid raw material in an 
amoimt of 10 to 20 times of the amount and by reacting them inside an 
autoclave equipped with a stirrer according to a conventional method. 
Any of tobamolite or xonotlite may be used for crystal system, but 

15 xonotlite is more preferable since high thermal resistance is required. 

For extrusion, it is important to suitably control a water 
content and the extrusion bccoraes possible only when the water content 
is suitably controlled in accordance with the amount of calciuni silicate 
obtained by water themxal synthesis. The suitable water content 

20 mostly ranges 50 to 120 % by weight based on the total solid portion. 
But since the water content in the calcium silicate separately obtained 
by water thermal synthesis used as a filler is as much as 10 to 20 times 
of the raw material, the water content easily exceeds 100 % even if 
thereto is added only 10 % by weight of the calcium silicate obtained by 

25 water thermal synthesis. Therefore, in order to adjust a water content 
to a suitable value, there can be ® a process for using calcium silicate 
obtained by water thermal synthesis in powder after drying and (D a 



Received Time 5. Dec 14:39 



Print Time 5. Dec 14:45 



'00 12/05 TUE 12:38 FAX 06 6946 0825 ASAHINA &^0. Baldwin Shelston WatersA 12010/013 

06 6946 0825 . 



- 6 - 

process for mixing calcium silicate obtained by water thermal synthesis 
with the lime and silicate material and extruding it after dehydration to a 
suitable water content. In the process (D, a large amount of heating 
value is necessary in order to dry the calcium silicate obtained by water 
5 thermal synthesis and a suitable amoimt of water needs to be added 
again at extrusion- Also, if the calcium silicate obtained by water 
thermal synthesis is used after half drying in order to obtain a suitable 
water content at mixing it with lime and silicate, heating value for drying 
decreases but it was found difficult to uniformly mix the calcium silicate 
10 obtained by water thermal synthesis with the lime and silicate material. 

Therefore, it was found that the process © was effective after 
experiments in the present invention. As a dehydration process, any of 
compression dehydration or inhalation dehydration may be used while 
the both may be used together, 
15 Next, a preparation process of the present invention is shown. 

In an autoclave, lime material and silicate material were mbced by steam 
treatment in sufficient amounts for generating high strength. Calcium 
silicate was separately prepared in advance by water thermal synthesis 
and it was dehydrated to contain a suitable amount of water and was 
20 extruded. It was steamed under a vapor pressure of 6 to 20 kg/cm^ for 
5 to 6 hours and was dried to prepare calcium silicate material. 

As the lime material, there may be used hydrated lime, quick 
lime and carbide refuse. As the silicate, there may be used natural 
material such as silica rock, diatomaceous earth or a shirasu (earth 
25 distributed in a certain district in Japan (this note is added by a 
translator)) or artificial material such as silicon dust and it may be 
crystalline or amorphous. Mineral refuse of calcium silicate which are 



o 



Received Time 5. Dec" 14:39 



Print Time 5. Dec UU5 



'00 12/05 TUB 12:39 FAX 06 6946 0825 ASAHINA &^0. ^ Baldwin Shelston WatersA iOll/013 

06 6946 0825 



byproducts of process for preparing cement or phosphorus may also be 
used as the lime and silicate material. 

• Viscosity and flexibility necessary for extrusion can be 
achieved when an organic thickener such as metylcellulose or 
5 poly(ethylene oxide), or bentonite is added in a small amount. The 
mcthylcellulose gives gloss on the surface of the molded article, and the 
bentonite gives an effect as a lubricant which functions to reduce 
friction. 

If a fiber such as asbestos, glass fiber having alkaline 
10 resistance or pulp is mixed as a reinforcement agent, it is possible to 
increase strength. The calcium silicate prepared separately in advance 
by v/atCT thermal synthesis may be prepared according to the 
conventional process as mentioned above. The process of the present 
invention not only provides a lightweight calciiom silicate with high 
15 strength and heat resistance but also make it possible to mold the 
calcium silicate material having a desired sectional form and extremely 
smooth surface due to the effect of the extrusion, 



o 



RXAMPT.R 1 

20 In order to obtain high strength by evaporation treatment, 

there are mixed 15 parts of silica rock powder, 35 parts of Portland 
cement and 10 parts of bentonite. To the mixture are added 0.2 part of 
methyl cellxalose and 5 parts of amosite asbestos, and it is mixed 
sufficiently. After that, 30 parts of a slurry of calcium silicate 

25 calculated as a solid portion which is prepared separately in advance by 
water thermal synthesis containing 15 times of water is added and the 
mixture is sufficiently mixed. Then, water is dehydrated by 
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compression dehydration while inhalation is continued to reduce a 
water content to 80 to 90 % based on the total solid portion. 

The obtained half-dried material is extruded, and the molded 
article is post-dried by evaporation treatment under an evaporation 
• 5 pressure of 9 kg/cm^ for 7 hours. 

The calcium silicate was separately obtained in advance by 
adding 1 100 parts of water to Hraemilk prepared by digesting 52 parts of 
silica rock powder and 48 parts of quick lime with 10 times of water, and 
the mixture was reacted as it was stirred in an autoclave equipped with a 
10 stirrer under an evaporation pressure of 14 kg/cm^ for 5 hours. 

The properties of the calcium silicate material prepared in 
the above process are as follows: 
Density 0.75 g/cm^ 

Flexural strength 80 kg/cm^ 

15 Rate of construction 1.12% 
heated at 1000 °C 



EXAMPLE 2 

There are mixed 5 parts of silica rock powder, 15 parts of 
20 diatomaceous earth, 8 parts of hydrated lime, 22 parts of Portland 
cement and 10 parts of bentonite. To the mbcture are added 15 parts of 
glass fiber and 0.5 part of methyl cellulose and it is sufficiently mixed. 
After that, 40 parts of calcium silicate calculated as a solid portion which 
is prepared separately in advance by water thermal synthesis as in 
25 Example 1 is added thereto and the mbcture is sufficiently blended. 
Then, water is dehydrated by compression dehydration while inhalation 
is continued to adjust a water content to 95 to 1 10 % based on the total 
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solid portion and the material is extruded and is dried by evaporation 
treatment xander an evaporation pressure of 9 kg/era^ for 7 hours. 

The properties of the obtained calcium silicate material are 

as follows: 

5 Density 0.52 g/cm^ 

Flexural strength 37 kg/cm^ 

Rate of construction 1.31% 
heated at 1000 
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